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[01] This application is a continuation-in-part of U.S. application Serial No. 
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Serial No. 09/568,520, filed May 9, 2000, now U.S. Patent No. 6,389,077, issued May 
14, 2002, which is a continuation of U.S. Patent Application No. 09/399,202, filed 
September 17, 1999, now U.S. Patent No. 6,185,263, issued February 6, 2001, and is a 
continuation of U.S. Patent Application Nos. 09/429,893, and 09/429,892, filed October 
29, 1999, now U.S. Patent No. 6,259,745, issued July 10, 2001, and U.S. Patent No. 
6,332,004, issued December 18, 2001, which claims the benefit of the filing date of 
United States Provisional Patent Applications Serial Nos. 60/106,265, filed October 30, 
1998, 60/107,105, filed November 4, 1998, 60/107,702, filed November 9, 1998, and 
60/108,001, filed November 11, 1998, the entire contents of which are hereby expressly 
incorporated by reference. 

FIELD OF THE INVENTION 

[02] Certain embodiments of the invention relate to emission control in 
communication systems utilizing unshielded twisted pair. More specifically, certain 
embodiments of the invention relate to a method and system for a reduced emissions 
direct drive transmitter for unshielded twisted pair applications. 
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BACKGROUND OF THE INVENTION 

[03] FIG. 1 is a block diagram of a conventional direct drive transmitter utilized in 
unshielded twisted pair (UTP) applications. Referring to FIG. 1, there is shown an 
integrated waveform generator/encoder block 102, a timing and mode control logic 
block 108, a digital-to-analog converter (DAC) block 110 and a low pass filter (LPF) 
block 112. The low pass filter block 112 is an optional processing block that may 
include suitable low pass filtering and line driver circuitry. The waveform 
generator/encoder block 102 may include a waveform generator block 104 and an 
encoder block 106. 

[04] The waveform generator block 104 may be coupled so that it receives one or 
more transmitted input data signals 116. These transmitted input data signals may be 
digital signals. An output signal 120 of the low pass filter 112 may be transmitted to an 
unshielded twisted pair. In a case where the low pass filter block 112 is not present, 
output signal 1 18 of DAC block 110 may be transmitted to the unshielded twisted pair. 

[05] The waveform generator block 104 may include suitable circuitry and/or logic 
such as a digital filter, and may be adapted to generate waveform data from the 
transmitted input data signal 116. The transmitted input data signals are over-sampled 
or interpolated to produce a higher rate waveform data. For example, a 20 mega 
samples per second (Msps) transmitter may be adapted to interpolate by a factor of 16x 
will produce waveform data at 320 Msps. 

[06] An input signal 122 from the encoder block 106 may be coupled to an output of 
the waveform generator block 104. The encoder block 106 may include, for example, 
suitable DAC encoder circuitry that may be adapted to convert the generated waveform 
data into control words to be processed by the DAC block 110. Encoding functions 
executed by the encoder block 106 may be integrated with functions of the waveform 
generator 104 into a single waveform generation and encoder block. US Patent No. 
6,411,647 to Chan entitled "Fully Integrated Ethernet Transmitter Architecture with 
Interpolating Filtering" assigned to Broadcom Corporation of Irvine, California, discloses 
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an integrated waveform generator and encoder. Notwithstanding, additional timing 
functions and techniques may be integrated into encoder block 106 to provide a higher 
degree of interpolation, which may effectively provide over-sampling. 

[07] Referring again to FIG. 1, the timing and mode control logic block 108 includes 
suitable clock and selector circuitry that is adapted to control the waveform generator 
block 104 and the encoder block 106. The timing and mode control logic block 108 
produces these controls from, for example, either clocks from a phase lock loop (PLL) 
or from another suitable timing source. 

[08] An input of the DAC block 1 10 is coupled to an output of the encoder block 106. 
This input of the DAC block 110 receives the output signal generated by the encoder 
block 106. The DAC block 110 may include suitable DAC circuitry that may be adapted 
to convert code words generated by the encoder block 106 into suitable waveform 
contained in output signal 118. The encoded code words generated by the encoder 
block 106 are applied to the DAC block 110 at the sampling rate such that the DAC 
block 110 produces waveforms at the sampling rate. 

[09] The optional low pass filter block 112 may be added to the output of the DAC 
block to further assist in reducing unwanted emissions. The term direct drive means 
that the DAC block of the transmitter 102 is sufficiently designed so that it can directly 
drive an output load without a need for a subsequent power amplifier. In this regard, it 
is not necessary to add a power amplifier to amplify the output signal 118 of the DAC 
block. A direct drive transmitter directly generates a transmitted waveform, namely 
output signal 1 18, on a system load. Since the timing and mode control logic block 108 
of transmitter 102 is configured to control an amplitude and various timing parameters of 
signal 118, the timing and mode control logic block 108 alone determines the 
characteristics of the transmitter 102. Moreover, waveforms may be digitally produced 
and converted to analog signals by the DAC block 1 10 so that it can fit within a transmit 
template of various communication standards and protocols. An over-sampled direct 
drive transmitter such as transmitter 102 may be adapted to fulfill a variety of template 
requirements. Accordingly, the direct drive transmitter 102 may be suitably adjusted to 
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accommodate various nuances of a particular template under a variety of test load 
conditions. 

[10] Waveforms generated by the DAC block 110 are also digitally programmable. 
This permits flexibility in implementing a variety of waveforms for a variety of operational 
modes and applications. For example, DAC block 110 may be programmed to support 
10 Base-T, 100 Base-TX and 1000 Base-T applications. Since the direct drive 
transmitter 102 is digital programmable, it may be programmed to provide direct control 
of output voltage of output signal 118. This makes the direct drive transmitter 102 well 
suited for applications having tight absolute output voltage specifications. For example, 
the direct drive transmitter 102 suitable for 100 Base-TX applications. Since the 
transmitter 102 directly drives the load, it does not require a power amplifier which 
would provide additional variations in the output voltage. In certain applications, the 
addition of a power amplifier may add unwanted complexity to transmitter design and 
may require additional circuitry and/or logic to mitigate unwanted effects. Accordingly, 
the transmitter may require recalibration to operate efficiently. In certain instances, 
dependent on the transmitter design, an additional complex output filter may also be 
required to mitigate unwanted signal artifacts. 

[11] A direct drive transmitter such as transmitter 102 is more power efficient than 
other non-direct transmitters because it does not require an additional driver block to 
drive the line. The DAC block 110 directly takes a bias current from a high accuracy 
reference source, which may be provided by the timing and mode control logic block 
108, and use a simple single current mirror to produce the output drive current. Other 
transmitter architectures which utilize a combined DAC and line driver have an 
additional higher power overhead. 

[12] The architecture of the direct drive transmitter such as transmitter 102 does 
provide some scalability and modularity. In this regard, a minimum number of analog 
functions are provided for optimization and this allows the transmitter design to be easily 
ported and adapted to new processes and applications. Some of these functions 

include a current mirror and differential pair. The architecture of the direct drive 
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transmitter provides greater rnanufacturability and testability over other non-direct drive 
transmitters. The direct drive transmitter relies on an over-sampled DAC to produce the 
nuances of the transmit waveform instead of an analog line driver with a filter. For this 
reason, the clock rate can be lowered to easily evaluate the transmitter's performance 
and wave-shaping properties. 

[13] A direct drive transmitter such as transmitter 102, which utilizes the 
programmable DAC, avoids any dependence on analog filters whose characteristics 
can vary widely with factors such as process, temperature, and voltage variations. 
Hence, while analog filters may require calibration schemes which may be complex or 
unable to cover all varying operational conditions, the direct drive transmitter 102 is 
readily programmable to cover a wide range of operational conditions. Finally, the over- 
sampled DAC approach further ensures predictable and repeatable performance, which 
may be necessary in order to meet various alternating current (AC) waveform 
specifications. 

[14] The output of a direct drive transmitter is a differential discrete time waveform. 
The power spectral density of the waveform contains images which are centered around 
multiples of the sampling rate. For example, a 16x over-sampled 20 MHz direct drive 
transmitter produces images around 320 MHz, 640 MHz, 960 MHz and so on. Any 
sharp edges of the differential waveform may be converted to common-mode energy by 
effects such as mismatches in the transmitter, terminations, board traces, magnetic and 
transmitted medium. This conversion is called differential-to-common-mode conversion. 
Differential-to-common-mode conversion is more noticeable at higher frequencies 
because of parasitic effects and non-idealities, which cause mismatches that are more 
difficult to control. 

[15] Common-mode energy typically results in the emission of radiation. In general, a 
transmitter with high radiation emissions produces a high amount of common-mode 
energy. The high frequency images in a discrete time waveform of a direct drive 
transmitter can be readily converted to common-mode energy, which often results in 
unwanted radiation emissions. In such cases, the application of a simple capacitive low 
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pass filter with a low corner frequency of, for example, less than 100 MHz, to the 
transmitter output is often ineffective since this will degrade return loss performance. 
The lowest corner frequency of a single capacitive low pass filter that will provide an 
optimal return loss performance is about 1 GHz. However, the use of such a filter is 
insufficient to reduce the high frequency images produced by the direct drive 
transmitter. This is particularly true in network systems that have high port densities. 
For example, a 48-port Gigabit switch that utilizes a direct drive transmitter having a 
single capacitive low pass filter, will have extreme difficulties adhering to emission 
radiation regulation specifications. This is because the aggregation of emission 
radiation from the high number of transmitters utilized will readily exceed emission 
radiation limits established by the regulation specifications. 

[16] One solution geared at reducing the aggregation of the emissions from the 
transmitters includes increasing the over-sampling rate of the direct drive transmitter 
and increasing the order of the digital filtering. However, this solution will increase the 
complexity of the DSP filter and clocking speed by a factor equivalent to the increased 
over-sampling rate. For example, doubling the over-sampling rate will double the 
hardware and complexity of the transmitter Accordingly, such as method would not be 
desirable. 

[17] FIG. 2 is a graph 200 illustrating a differential waveform power spectral density 
(PSD) for the direct drive transmitter of FIG. 1. Referring to FIG. 2, the vertical axis 
represents power and the horizontal axis represents the frequency. A baseband signal 
202 is centered on a frequency of zero (0). A plurality of image frequencies are 
centered on frequencies that are multiples of the sample frequency (F s ). For example, a 
first image frequency 204 is centered on a frequency of F s . A second first image 
frequency 206 is centered on a frequency of 2*F S . A third image frequency 208 is 
centered on a frequency of 3*F S . A fourth image frequency 210 is centered on a 
frequency of 4*F S and so on. 

[18] The power (P) of the image frequencies are represented as follows: 
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P = Power of Baseband Signal * [sin(2*7i* f/ F s )/( 2*ti* f/ F S )] A 2, 

where f represents the frequency and F s represents the sample frequency. 

As the frequency increases, the power of the image frequencies decreases. Differential 
to common mode conversion of the image frequencies causes emission radiation. The 
use of a simple low pass filter is effective in filtering only the higher image frequencies. 
For example, the use of a simple low pass filter may be effective in filtering the images 
at 2*F S and greater. Notwithstanding, the use of a simple low pass filter will not be 
effective in filtering the first image frequency at F s since it is the largest of the image 
frequencies. Although increasing the over-sampling rate will reduce the image 
frequency at Fs, over-sampling rate will double the transmitter hardware, thereby 
increasing transmitter cost and complexity. 

[19] Further limitations and disadvantages of conventional and traditional approaches 
will become apparent to one of skill in the art, through comparison of such systems with 
some aspects of the present invention as set forth in the remainder of the present 
application with reference to the drawings. 
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BRIEF SUMMARY OF THE INVENTION 



[20] Certain embodiments of the invention provide a method and system for reducing 
transmitter emissions. The method for reducing transmitter emissions may include 
partitioning an encoder block into at least a first group of encoder processing cells and a 
second group of encoder processing cells. A DAC block may also be partitioned into at 
least a first group of DAC processing cells and a second group of DAC processing cells. 
In a case where a 2X partitioning may be utilized, the encoder block may be partitioned 
into a first group comprising odd encoder processing cells and a second group 
comprising even encoder processing cells. Similarly, the DAC block may be partitioned 
into a first group comprising odd DAC processing cells and a second group comprising 
even DAC processing cells. The first group of encoder processing cells may be 
coupled to the first group of DAC processing cells and the second group of encoder 
processing cells may be coupled to the second group of DAC processing cells. The first 
group of encoder processing cells may be clocked using a first clock signal and the 
second group of encoder processing cells may be clocked using a second clock signal. 
The second clock signal may be a delayed version of the first clock signal. 

[21] An output of each of the odd cells of the first group of encoder processing cells 
may be processed by a corresponding one of the odd cells of the first group of DAC 
processing cells. Similarly, an output of each of the even cells of the second group of 
encoder processing cells may be processed by a corresponding one of the even cells of 
the second group of DAC processing cells. An output of each of the even DAC 
processing cells and the odd DAC processing cells may be aggregated to create a 
reduced emissions output signal. An optional low pass filter may be utilized for filtering 
the aggregated output. 

[22] Another embodiment of the invention provides, a machine-readable storage, 
having stored thereon a computer program having at least one code section for 
providing a reduced emissions transmitter. The at least one code section may be 
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executable by a machine, thereby causing the machine to perform the steps for 
providing reduced emissions transmitter in accordance with the invention. 

[23] Another embodiment of the invention provides a system for a reduced emissions 
transmitter. The system may include an encoder block partitioned into at least a first 
group of encoder processing cells and a second group of encoder processing cells. A 
DAC block may also be partitioned into at least a first group of DAC processing cells 
and a second group of DAC processing cells. In a case where the reduced emission 
transmitter utilizes a 2X partitioning, the encoder block may be partitioned into a first 
group of odd encoder processing cells and a second group of even encoder processing 
cells. The DAC block may also be partitioned into a first group of odd DAC processing 
cells and a second group of even DAC processing cells. Each odd encoder processing 
cell may be coupled to an odd DAC processing cell and each even encoder processing 
cell may be coupled to an even DAC processing cell. 

[24] A clock generator may be adapted to generate a first clock signal for clocking the 
odd encoder processing cells and a second clock signal for clocking the even encoder 
processing cells. The second clock signal may be a delayed version of the first clock 
signal. An aggregator or combiner may be adapted to aggregate the outputs of each of 
the even DAC processing cells and the odd DAC processing cells to create a reduced 
output signal. The system may further include a low pass filter adapted to low pass filter 
the aggregated output. At least one waveform generator, for example, a digital filter, 
may be coupled to the encoder block. The at least one waveform generator, the 
encoder block and the DAC block may be integrated in within a chip. 

[25] These and other advantages, aspects and novel features of the present 
invention, as well as details of an illustrated embodiment thereof, will be more fully 
understood from the following description and drawings. 
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BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 

[26] FIG. 1 is a block diagram of a conventional direct drive transmitter utilized in 
unshielded twisted pair (UTP) applications 

[27] FIG. 2 is a graph 200 illustrating a differential waveform power spectral density 
(PSD) for the direct drive transmitter of FIG. 1 . 

[28] FIG. 3 is a block diagram illustrating a reduced emissions direct drive transmitter 
in accordance with an embodiment of the invention. 

[29] FIG. 4 is a block diagram illustrating encoder and DAC grouping in a 
conventional direct drive transmitter. 

[30] FIG. 5 is a block diagram illustrating encoder and DAC grouping in a reduced 
emissions direct drive transmitter in accordance with an embodiment of the invention. 

[31] FIG. 6 is a diagram that illustrates various differences in the waveform generated 
by a conventional direct drive transmitter and a reduced emissions direct drive 
transmitter in accordance with an embodiment of the invention. 

[32] FIG. 7 is a graph illustrating a differential waveform power spectral density (PSD) 
for the reduced emission direct drive transmitter of FIG. 3 in accordance with an aspect 
of the invention. 

[33] FIG. 8 is a graph of a time domain simulation illustrating an output signal for a 
reduced emissions direct drive transmitter in accordance with an embodiment of the 
invention as compared to an output of a conventional direct drive transmitter. 

[34] FIG. 9 is a graph of a frequency domain simulation illustrating an output signal for 
a reduced emissions direct drive transmitter in accordance with an embodiment of the 
invention as compared to an output of a conventional direct drive transmitter. 
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DETAILED DESCRIPTION OF THE INVENTION 

[35] Certain embodiments of the invention provide a method and system for reducing 
transmitter emissions. The method for reducing transmitter emissions may include 
partitioning an encoder block into at least a first group of encoder processing cells and a 
second group of encoder processing cells. A DAC block may also be partitioned into at 
least a first group of DAC processing cells and a second group of DAC processing cells. 
In a case where a 2X partitioning may be utilized, the encoder block may be partitioned 
into a first group comprising odd encoder processing cells and a second group 
comprising even encoder processing cells. Similarly, the DAC block may be partitioned 
into a first group comprising odd DAC processing cells and a second group comprising 
even DAC processing cells. 

[36] In accordance with the invention, the first group of encoder processing cells may 
be coupled to the first group of DAC processing cells and the second group of encoder 
processing cells may be coupled to the second group of DAC processing cells. The first 
group of encoder processing cells may be clocked using a first clock signal and the 
second group of encoder processing cells may be clocked using a second clock signal. 
The second clock signal may be generated so that it is a delayed version of the first 
clock signal. Notwithstanding, although a 2X partition may be utilized to illustrate 
various aspects and/or embodiments of the invention, various levels of partitioning may 
be utilized to provide various levels of reduced transmitter emissions. For example, 4X, 
8X, 16X partitioning may be used to provide progressively greater levels of emissions 
reduction. 

[37] US Patent No. 6,411,647 to Chan describes a power efficient and reduced 
electromagnetic interference (EMI) emissions transmitter for unshielded twisted pair 
(UTP) data communication applications. Transmit data is interpolated by N and 
processed by a digital filter to obtain the pulse shape required by the particular 
communication application. A digital-to-analog converter is adapted to convert the 
output of the digital filter to a current-mode analog waveform. The digital filter is 
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integrated with a DAC binary decoder in a memory device such as a ROM having a time 
multiplexed output. This logical implementation and memory eliminated a need for 
utilizing digital filtering circuits, DAC decoding logic circuit and re-synchronization logic 
circuits that are conventionally implemented in hardware. Accordingly, the hardware 
functionality provided by these circuits is rendered into arithmetic form and implemented 
in a memory device. United States patent No. 6,411,647 is incorporated herein by 
reference in its entirety. 

[38] US Patent No. 6,332,004 to Chan entitled "Analog discrete-time filtering for 
unshielded twisted pair data communication" assigned to Broadcom Corporation of 
Irvine, California, discloses exemplary techniques that may be utilized to provide a 
higher degree of interpolation. US Patent No. 6,332,004 describes a power efficient 
and reduced electromagnetic interference (EMI) emissions transmitter that may be 
utilized for unshielded twisted pair data communication applications. In this regard, the 
transmitter includes a digital-to-analog converter which is adapted to convert input 
transmit data to a current-mode analog waveform. A discrete-time analog filter is 
integrated with a DAC line driver to provide additional EMI emissions suppression. A 
plurality of output cells are adapted to produce an output signal that is responsive to a 
plurality of digitized input data samples. A timing circuit generates timing signals for 
dividing each digitized input data sample into a first time segment and a second time 
segment. Suitable control logic coupled to each output cell is adapted to generate 
control signals to drive each output cell to produce a portion of the output signal for the 
first time segment and the full output signal for the second time segment. US Patent 
No. 6,332,004 is incorporated herein by reference in its entirety. 

[39] FIG. 3 is a block diagram 300 illustrating a reduced emissions direct drive 
transmitter in accordance with an embodiment of the invention. Referring to FIG. 3, 
there is shown an integrated waveform generator/encoder block 302, a timing and mode 
control logic block 308, a digital-to-analog converter (DAC) block 310 and a low pass 
filter (LPF) block 312. The low pass filter block 312 may be an optional processing 
block, which may include suitable low pass filtering and line driver circuitry utilized for 
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impedance and load matching, for example. The waveform generator/encoder block 
302 may include a waveform generator block 304 and an encoder block 306. The 
timing and mode control logic block 308 may be referred to as a clock generator block. 

[40] The encoder block 306 may include a plurality of encoder cell blocks 306a, 306b, 
306n. Each of the encoder cell blocks 306a, 306b, .... 306n may contain a plurality 
of DAC encoder processing cells. The encoder processing cells in each of the encoder 
cell blocks 306a, 306b, 306n may be referred to as a group of DAC encoder cells. 
The DAC block 310 may include a plurality of DAC cell blocks 310a, 310b, 31 On. 
Each of the DAC cell blocks 310a, 310b, 31 On may contain a plurality of DAC 
processing cells. The DAC processing cells in each of the DAC cell blocks 310a, 310b, 
310n may referred to as a group of DAC processing cells. The outputs of each 
group of encoder cells 306a, 306b, 306n may be coupled to a corresponding input of 
one of the groups of DAC processing cells. For example, an output of a first group of 
encoder processing cells 306a may be coupled to a first group of DAC processing cells 
310a. Similarly, an output of a second group of encoder processing cells 306b may be 
coupled to a first group of DAC processing cells 310b, and so on. Finally, an output of 
the n th group of encoder processing cells 306n may be coupled to the n th group of DAC 
processing cells 31 On. 

[41] The waveform generator block 304 may be coupled so that it receives one or 
more of a plurality of transmitted input data signals 316. These transmitted input data 
signals 316 may be digital signals. An output signal 320 of the optional low pass filter 
312 may be transmitted to an unshielded twisted pair (UTP). In a case where the 
optional low pass filter block 312 is not present, output signal 318 of DAC block 310 
may be transmitted to the unshielded twisted pair. The optional low pass filter block 312 
may be added to the output of the DAC block 310 to further assist in reducing unwanted 
emissions. The optional low pass filter block 312 may be a capacitor although the 
invention is not limited in this regard. 

[42] The waveform generator block 304 may include suitable circuitry such as a digital 
filter that may be adapted to generate waveform data corresponding to the transmitted 
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input data signals 316. The waveform generator block 304 may be adapted to over- 
sample or interpolate the transmitted input data signals 316 to produce a higher rate 
waveform data. For example, the waveform generator block 304 may be adapted to 
receive a 20 mega samples per second (Msps) transmitted input data signal, interpolate 
the signal by a factor of 16x to produce waveform data at 320 Msps. The waveform 
generator block 304 may be adapted to produce a plurality of output signals 322. 

[43] An input of the each of the groups of encoder processing cells 306a, 306b, 
306n may be coupled to the output of the waveform generator block 304. Accordingly, 
the output signals 322 function as input signals for each of the groups of encoder 
processing cells 306a, 306b, 306n. The encoder block 306 may include suitable 
DAC encoder circuitry that may be adapted to convert the generated waveform data into 
control words to be processed by the DAC block 110. Encoding functions executed by 
the encoder block 306 may be integrated with functions of the waveform generator 304 
into a single waveform generator/encoder block 314. 

[44] The timing and mode control logic block 308 includes suitable clock and selector 
circuitry that may be adapted to control the waveform generator block 304 and the 
encoder block 306. The timing and mode control logic block 308 may produce these 
controls from, for example, either clocks from a phase lock loop (PLL) or from other 
suitable timing sources. The timing and mode control logic block 308 may be adapted 
to generate waveform generator clocks 308a, which may be utilized by the waveform 
generator block 304. The timing and mode control logic block 308 may also be adapted 
to generate encoder clocks 308b and delayed encoder clocks 308c, which may be 
utilized by the encoder block 306. In this regard, the encoder clocks 308b and the 
delayed encoder clocks 308c may be coupled to each of the groups of DAC processing 
cells 310a, 310b, .... 310n. 

[45] An input of each group of the DAC processing cells in the DAC block 310 may be 
coupled to an output of the corresponding group of encoder processing cells in the 
encoder block 306. Each of the groups of DAC processing cells in the DAC block 310 
may include suitable DAC circuitry that may be adapted to convert the code words 
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generated by the corresponding group of encoder processing cells of the encoder block 
306 into suitable waveforms contained in output signal 318. The encoded code words 
generated by each of the groups of encoder processing cells 306a, 306b, 306n of 
the encoder block 306 may be provided to the DAC block 310 at a suitable sampling 
rate, which may cause the DAC block 1 10 to produce output waveforms at the sampling 
rate. 

[46] In accordance with an embodiment of the invention, the reduced emissions drive 
transmitter may be adapted to partition the encoder block 306 into distributed equal 
groups. In one aspect of the invention, the encoder block 306 may be partitioned into 
two halves so that a first half of the encoder processing cells within encoder block 306 
may control even DAC cells and a second half of the encoder processing cells may 
control the odd DAC cells. The reduced emissions transmitter may partition the DAC 
block into two corresponding distributed equal groups. This partitioning of the encoder 
blocks 306 and the DAC blocks 310 may be referred to as 2X partitioning. Other 
partitioning such as 4X, 8X, 16X and so on may be provided to further reduce 
emissions. In one aspect of the invention, the DAC block 310 may be partitioned into 
two halves so that a first half of the DAC processing cells in the DAC block 310 includes 
even DAC cells and a second half includes odd DAC processing cells. To provide 
separate and independent processing by the groups of encoder processing cells and 
the groups of DAC processing cells, the clock and selector signals generated by the 
timing and mode control logic block 308 may be separated. 

[47] Although the encoder block 306 may be equally partitioned into two halves, there 
are instances when partitioning may result in unequal groups of encoder processing 
cells. Thus, after partitioning, there may be a number of remainder cells. The 
partitioning may be done so that the number of partitioned cells may be significantly 
greater that the number of remainder cells. In such instances, there may be a small 
leakage of image power that may be difficult to filter or otherwise eliminate. However, 
the greater the number of partitioned cells, the lesser any image power that may be not 
filtered or eliminated. In certain instances, the encoder code words may not result in 

15 



distributed equal DAC transitions occurring for every change of the output. In this case, 
the greater the number of partitioned cells, the lesser any image power that may be not 
filtered or eliminated. 

[48] FIG. 4 is a block diagram illustrating encoder and DAC grouping in a 
conventional direct drive transmitter. Referring to FIG. 4, there is shown an encoder 
processing group 406, a DAC processing group 410, an aggregator or combiner 440 
and sample clock signal 408. The encoder processing group 406 may include a 
plurality of encoder processing cells. Each encoder processing cell may be partitioned 
and designated as an odd or even cell. 

[49] The DAC processing group 410 may include a plurality of DAC processing cells. 
Each DAC processing cell may be partitioned and designated an odd or even cell. 
Each DAC processing cell may be coupled to a corresponding partitioned encoder cell. 
For example, an even DAC processing cell may be coupled to an even encoder 
processing cell 406a. Similarly, an odd DAC processing cell 41 ON may be coupled to 
an odd encoder processing cell 406N. In the conventional direct drive transmitter 
arrangement as illustrated in FIG. 4, each encoder processing cell, whether odd or 
even, may be clocked by sample clock signal 408. As a result, the output of each 
encoder processing cell is a single step transition waveform that is provided as an input 
to the corresponding DAC cell. The DAC analog output signal is an aggregation of the 
odd and even DAC processing cells. In this regard, the aggregator or combiner 440 
may combine the outputs of the odd and even DAC processing cells to created the DAC 
output signal 442. In a unary DAC architecture, the DAC analog output signal is 
proportion to the number of equally weighted DAC cells. 

[50] FIG. 5 is a block diagram illustrating encoder and DAC grouping in a reduced 
emissions direct drive transmitter in accordance with an embodiment of the invention. 
Referring to FIG. 5, there is shown an encoder block 506 having a first group of encoder 
processing cells consisting of encoder cell (0), encoder cell (n+0), encoder cell (n+2) 
and encoder cell (N-2). This may be designated an even group of encoder processing 
cells. Encoder block 506 may also include a second group of encoder processing cells 
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comprising encoder cell (1), encoder cell (n-1), encoder cell (n+1) and encoder cell (N- 
1 ). This may be designated as an even group of encoder processing cells. 

[51] The reduced emissions direct drive transmitter in accordance with an 
embodiment of invention may also include a DAC block 508 having a first group of DAC 
processing cells and a second group of DAC processing cells. The first group of DAC 
processing cells may be designated as an even group of DAC processing cells, while 
the second group of DAC processing cells may be designated as an odd group of DAC 
processing cells. The even group of DAC processing cells may include DAC processing 
cells 508a, 508b, 508c, and 508d. The odd group of DAC processing cells may include 
DAC processing cells 508e, 508f, 508g, and 508h. Each of the DAC processing cells in 
the even group of DAC processing cells may be coupled to a corresponding encoder 
processing cell in the even group of encoder processing cells. For example, an input of 
DAC processing cell 508a may be coupled to an output of encoder cell (0). An input of 
DAC processing cell 508b may be coupled to an output of encoder cell (n+0). An input 
of DAC processing cell 508c may be coupled to an output of encoder cell (n+2). Finally, 
an input of DAC processing cell 508d may be coupled to an output of encoder cell 
(N+2). Each of the DAC processing cells in the odd group of DAC processing cells may 
be coupled to a corresponding encoder processing cell in the odd group of encoder 
processing cells. For example, an input of DAC processing cell 508e may be coupled to 
an output of encoder cell (1). An input of DAC processing cell 508f may be coupled to 
an output of encoder cell (n-1). An input of DAC processing cell 508g may be coupled 
to an output of encoder cell (n+1 ). Finally, an input of DAC processing cell 508h may be 
coupled to an output of encoder cell (N-1 ). 

[52] In the reduced emissions direct drive transmitter in accordance with an 
embodiment of the invention, an original sampled clock signal 508b may be coupled to 
a first group of encoder processing cells. Additionally, a delayed version of the original 
sample clock, namely delayed sample clock 508c may be coupled to a second group of 
encoder processing cells. As illustrated in Fig. 5, the original sample clock signal is 
coupled to the odd group of encoder processing cells, namely encoder processing cell 

17 



(0), encoder processing cell (n+0), encoder processing cell (n+2) and encoder 
processing cell (N-2). The delayed sample clock signal 508c is coupled to the even 
group of encoder processing cells, namely encoder processing cell (1), encoder 
processing cell (n-1), encoder processing cell (n+2) and encoder processing cell (N-1). 

[53] The DAC analog output signal is an aggregation of the odd and even DAC 
processing cells. Since the encoder cells are grouped and activated from delayed 
versions of the single clock signal, the input signal to each of the DAC processing cells 
is a distributed transition waveform. In accordance with the invention, the distributed 
partitioning and grouping of the encoder block and the DAC block with the appropriate 
delay, may cause a proportion of each transition in the DAC differential waveform to be 
delayed. The ideal time delay may be proportional to the number of the transition steps 
that is being delayed. 

[54] FIG. 6 is a diagram that illustrates various differences in the waveform generated 
by a conventional direct drive transmitter and a reduced emissions direct drive 
transmitter in accordance with an embodiment of the invention. Referring to FIG. 6, 
waveform 602 represents an output signal generated by a conventional direct drive 
transmitter. Waveform 612 represents an output signal generated by a reduced 
emissions direct drive transmitter in accordance with an aspect of the invention. 
Referring to waveform 612, dT a which signifies 5T a represents the change in the sample 
time for an first group which may be an odd group. Similarly, dT b which signifies 5T b 
represents the change in the sample time for an second group which may be an even 
group. The change in voltage over a corresponding sample period for the first group 
may be represented by dV a which signifies 5V a . Similarly, the change in voltage over a 
corresponding sample period for the second group may be represented by dV b which 
signifies 5V b . 

[55] In an aspect of the invention, the distributed partitioning and grouping of the 
encoder processing cells and the DAC processing cells, along with the appropriate 
delay provided by the original and delayed clock signals may result in a portion of each 
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transition in the DAC differential waveform being delayed. An ideal delay time may be 
proportional to the number of transition steps that is being delayed. For example, in a 
case where each transition is partitioned into two groups, then ideally: 

dV a =dV b = 1 / 2 dV; and 

dTa=dT b = 1 / 2 T s . 

[56] In accordance with another embodiment of the invention, further partitioning may 
be done on the encoder block and the DAC block using smaller values for dV and dT. 
Accordingly, this effectively provides a much better processing resolution for the 
reduced emissions direct drive transmitter. This may result in much smoother DAC 
output waveform where abrupt sharp edges of the original waveform may be distributed 
overtime and voltage in the new waveform. 

[57] FIG. 7 is a graph 700 illustrating a differential waveform power spectral density 
(PSD) for the reduced emission direct drive transmitter of FIG. 3 in accordance with an 
aspect of the invention. Referring to FIG. 7, the vertical axis represents power and the 
horizontal axis represents the frequency. The power (P) of the image frequencies may 
be represented as follows: 

P = Power of Baseband Signal * [sin(2V f/ F s )/( 2*tt* f/ F s ) * cos( 1 /a-7i*f/ F S )] A 2, 

where 

f represents the frequency and F s represents the sample frequency. 

[58] The original baseband signal 702 centered on a frequency of zero (0) is 

represented by 702a, while the corresponding baseband signal resulting from the 

reduced emission direct drive transmitter is represented by 702a. The variations in the 

baseband signals 702 and 702a are minimal. The original first image frequency 

centered on a frequency of F s is represented by 704, while the corresponding first 

image frequency for the reduced emission direct drive transmitter is represented by 

704a. A comparison between 704 and 704a illustrates a significant reduction in the first 

image frequency. The original second image frequency centered on a frequency of 2F S 

is represented by 706, while the corresponding second image frequency for the reduced 
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emission direct drive transmitter is represented by 706a. A comparison between 706 
and 706a illustrates very little variation between image frequencies 706 and 706a. The 
original third image frequency centered on a frequency of 3F S is represented by 708, 
while the corresponding third image frequency for the reduced emission direct drive 
transmitter is represented by 708a. A comparison between 708 and 708a illustrates a 
significant reduction in the third image frequency. The original fourth image frequency 
centered on a frequency of 4F S is represented by 710, while the corresponding fourth 
image frequency for the reduced emission direct drive transmitter is represented by 
710a. A comparison between 710 and 710a illustrates very little variation between 
image frequencies 710 and 710a. 

[59] In accordance with an embodiment of the invention, the reduced emissions direct 
drive transmitter may be adapted to filter a discrete time waveform. In this regard, the 
transfer function of the reduced emissions direct drive transmitter applies nulls at Fs, 
3*Fs and so on. Since the power of the filtered images at, for example, Fs and 3*Fs are 
significantly reduced, the emissions from differential-to-common-mode conversion of 
image energies is significantly reduced. Although the reduced emissions direct drive 
transmitter optimally applies nulls at frequencies such as Fs and 3*Fs, it does not add 
significant complexity to the digital filter, the encoder block or the DAC blocks. 

[60] FIG. 8 is a graph of a time domain simulation illustrating an output signal for a 
reduced emissions direct drive transmitter in accordance with an embodiment of the 
invention as compared to an output of a conventional direct drive transmitter. Referring 
to FIG. 8, there is shown a first waveform panel 802 that illustrates single ended signals 
for a reduced emissions direct drive transmitter in accordance with an embodiment of 
the invention. The first waveform panel 802 includes signal 802a and signal 802b. A 
second waveform panel 804 represents a differential signal for the reduced emissions 
direct drive transmitter in accordance with an embodiment of the invention. The second 
waveform panel 804 represents the signal 802a. A third waveform panel 806 
represents a differential signal for a conventional direct drive transmitter. The fourth, 
fifth and sixth waveform panels, namely 808, 810 and 812 respectively, represents 
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original and skewed control signals for the low emissions direct drive transmitter. 
Referring to FIG. 8, the differential signal of the reduced emissions direct drive 
transmitter is much smoother than the differential signal of original or conventional direct 
drive transmitter. Notably, the second waveform panel 804 contains much less edges 
than the third waveform panel 806 produced by the conventional direct drive transmitter. 
Accordingly, the reduced emissions direct drive transmitter will produce lower emissions 
than the original or conventional direct drive transmitter. 

[61] FIG. 9 is a graph of a frequency domain simulation illustrating an output signal for 
a reduced emissions direct drive transmitter in accordance with an embodiment of the 
invention as compared to an output of a conventional direct drive transmitter. Referring 
to FIG. 9, the power spectral density of an original or conventional direct drive 
transmitter is represented by the vertical lines, and the power spectral density of the 
reduced emissions direct drive transmitter is represented by the circles. A Manchester 
code signal of "1 111" may produce spurs at around 320 MHz and 640 MHz. However, 
the transmitted energy at 310 MHz and 330 MHz, where the 1 st image may be located, 
may be reduced by more than 5 dB. Moreover, the transmitted energy at 630 MHz and 
650 MHz, where the 2 nd image may be located, may be reduced by more than 6 dB. 

[62] In light of the foregoing, the reduced emissions direct drive transmitter may be 
adapted to target troublesome images and effectively minimizes them by applying nulls 
at the image center frequencies. Notably, the reduced emissions direct drive transmitter 
may effectively minimize troublesome images without adding complexity and significant 
cost to the direct drive transmitter. Furthermore, the reduced emissions direct drive 
transmitter may be utilized in high port density applications such as in Gigabit switches. 
Although a 2X or double partitioning of the encoder block and the DAC block has been 
utilized, the invention may be adapted to utilize greater partitioning in the encoder block 
and the DAC block. Accordingly, greater partitioning of the encoder block and the DAC 
block may result in better image rejection. The reduced emissions direct drive 
transmitter may also be utilized in other applications such as those involving direct 
transmissions where it may be important to minimize post-DAC filtering of images. 
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Exemplary applications may include, but are not limited to, set-top boxes, cable 
modems, satellite communication and digital subscriber line (DSL) applications. 

[63] Accordingly, the present invention may be realized in hardware, software, or a 
combination of hardware and software. The present invention may be realized in a 
centralized fashion in one computer system, or in a distributed fashion where different 
elements are spread across several interconnected computer systems. Any kind of 
computer system or other apparatus adapted for carrying out the methods described 
herein is suited. A typical combination of hardware and software may be a general- 
purpose computer system with a computer program that, when being loaded and 
executed, controls the computer system such that it carries out the methods described 
herein. 

[64] The present invention may also be embedded in a computer program product, 
which comprises all the features enabling the implementation of the methods described 
herein, and which when loaded in a computer system is able to carry out these 
methods. Computer program in the present context means any expression, in any 
language, code or notation, of a set of instructions intended to cause a system having 
an information processing capability to perform a particular function either directly or 
after either or both of the following: a) conversion to another language, code or 
notation; b) reproduction in a different material form. 

[65] While the present invention has been described with reference to certain 
embodiments, it will be understood by those skilled in the art that various changes may 
be made and equivalents may be substituted without departing from the scope of the 
present invention. In addition, many modifications may be made to adapt a particular 
situation or material to the teachings of the present invention without departing from its 
scope. Therefore, it is intended that the present invention not be limited to the particular 
embodiment disclosed, but that the present invention will include all embodiments falling 
within the scope of the appended claims. 
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